Although Rhizobium radiobacter is a pathogen commonly found in soil and plants, human disease caused by the Rhizobium genus is rare and cited in immunocompromised patients and in those who carry foreign plastic bodies such as catheters. We present a case of a 24-year-old woman with an adequate immune system who underwent surgery for an open fracture of the right tibia and humerus due to a car accident. One year later, she was readmitted to the hospital, due to a nonunion of the humeral fracture for surgical debridement and revision of the internal fixation with iliac crest autograft. Rhizobium radiobacter was isolated from the nonunion site, and the patient was treated with intramuscular administration of amikacin for 3 weeks followed by doxycycline per os for 8 weeks. After 3 months, the patient showed complete remission of the infection, substantial improvement, and union on the X-ray images. is is the first case of Rhizobium radiobacter infection in a patient with an adequate immune system that did not carry any foreign body and probably was initially infected due to open wound exposure to soil. Treatment of R. radiobacter infections should be individualised according to the antimicrobial susceptibility test for a successful infection management.
Introduction
Rhizobium radiobacter was formerly known as Agrobacterium radiobacter until recently, when Agrobacterium spp. were reclassified based on comparative 16S rRNA gene analyses. It is an aerobic, motile, oxidase-positive, nonspore-forming Gram-negative phytopathogenic bacillus that resembles Centers for Disease Control (CDC) group Vd-3 [1, 2] . Among the 5 species of the genus Rhizobium, R. radiobacter is the only one known to cause human disease, though it has a low virulence for humans [3, 4] . It is a rare opportunistic organism in human infections, which was never reported isolated in infected nonunions. Before 1977, the growth of Rhizobium species was mostly considered as laboratory contaminant or colonization rather than true infection [5] . e first case of human infection due to R. radiobacter was recorded in 1980 concerning an episode of endocarditis related to the prosthetic aortic valve [6] . Since then and during the last thirty eight years, an increasing number of infections associated with R. radiobacter have been reported in humans, especially immunocompromised or carriers of long-standing indwelling foreign devices or plastic materials, with which these organisms have marked adhesion capacity [7, 8] .
Based on the limited knowledge of R. radiobacter, infected nonunions by R. radiobacter are never reported.
Herein, we report one case of infected nonunion caused by R. radiobacter in a patient with an intact immune system after a car accident.
Case Presentation
A 24-year-old woman with no past history of disease or surgery was transferred to the Emergency Department of the Orthopedic Clinic of a General Hospital in essaloniki, Greece, after a car accident a year ago. She presented with an open fracture of the right tibia and the right humerus classified as Gustillo II [9] . Laboratory examination revealed white blood cell count 5.800/mm 3 (75% neutrophils), hemoglobin 10.2 g/dL, platelet count 108,000/mm 3 , glucose 85 mg/dL, creatinine 0.62 mg/dL, and C-reactive protein 1.5 mg/L (normal reference < 0.5 mg/L).
e patient presented no markers revealing any kind of immunocompromise (negative for human immunodeficiency virus (HIV) and hepatitis B + C, negative Mantoux test, no diabetes mellitus, and normal kidney function). Surgical debridement, open reduction, and internal fixation of the humeral fracture with 4.5 mm locking compression plate were performed.
e tibial fracture was treated with intramedullary nailing. Cefoxitin, amikacin, and metronidazole were administered for 3 days. X-rays taken each month showed delayed union of the humeral fracture. One year after surgery, she was readmitted to the hospital, due to a nonunion appearing on the X-rays. e clinical examination and the inflammatory markers were normal. Surgical debridement, revision of the internal fixation (two screws were removed), and filling the nonunion site with iliac crest cancellous autograft were performed. During surgery, 3 culture specimens from superficial layers, deeper layers, and the nonunion site were taken. R. radiobacter was isolated only from the nonunion site, while the other two cultures came out negative. e antimicrobial susceptibility to antibiotics showed sensitivity to amikacin, ciprofloxacin, carbapenems, doxycycline, tigecycline, colistin, and cotrimoxazole (Table 1) .
e patient initially was treated with intramuscular administration of amikacin for 3 weeks (500 mg/day) and then with doxycycline per os for 8 weeks (100 mg/day). She came back 3 months later showing complete remission of the infection, substantial improvement, and union on the X-ray images.
Orthopaedic Treatment.
Regarding the initial fracture management, open humeral shaft fractures are commonly treated with open reduction and internal fixation using a compression plate with excellent results [10, 11] . is procedure was followed in our case and the patient had regular follow-up. During this time, the fracture failed to unite and by one year it was considered a nonunion [12] . e treatment choice of a locking compression plating and cancellous bone grafting is a reliable option in these cases [13] . e internal fixation was proven stable intraoperatively, so the revision of the osteosynthesis was relatively minimal (two screws removed), and the main surgical intervention was the nonunion fibrous tissue debridement and the filling with cancellous bone autograft harvested from the patient's iliac crest. ree months after the operation, union of the humeral shaft was achieved with a callus formation showing in the X-rays, while in other reports, the union needed more than five months in order to be achieved [14] . Figure 1 shows X-rays before and after the nonunion treatment and an intraoperative picture. e patient scored 90 points on the constant score for the shoulder evaluation, which is an excellent result, while having a full range of motion in her elbow [15] .
Microbiological Investigation.
All culture specimens were processed by Gram staining and worked out with conventional methods. Only the Gram stain from the nonunion site showed Gram-negative rods, with some appearing to have been internalized by neutrophils. Gram stains from the other two specimens were negative. Culture from the nonunion site grew a nonfermenting, Gramnegative bacillus, producing dry, tenacious colonies on blood, chocolate, and MacConkey agar, while the other two specimens were negative. e organism was identified as R. radiobacter using the automated system Vitek II (bioMerieux, Marcy-l'Etoile, France) and confirmed by the conventional biochemical methodology (Table 2 ). e antibacterial susceptibility (minimum inhibitory concentration (MIC) determination) of the isolate was performed by E-test (AB Biodisk, Solna, Sweden). Clinical Laboratory Standard Institute (CLSI) interpretive criteria for nonfermentative Gram-negative bacteria [16, 17] . e isolated R. radiobacter was sensitive to ciprofloxacin, amikacin, and doxycycline (Table 1) .
Discussion
Although Rhizobium radiobacter is a pathogen commonly found in soil and plants, human disease caused by the Rhizobium genus is relatively rare, especially cited in immunocompromised patients and in those carrying foreign plastic bodies such as catheters. Although several case reports regarding R. radiobacter infections have been published during the last decade, there are no available data about the incidence of this bacterium in orthopaedic patients. In our case, the patient diagnosed with R. radiobacter infection was a young 24-year-old woman with normal immune function. She was not a carrier of an intravascular catheter, but she did carry foreign metal materials (internal fixation with a metal plate and an intramedullary nail) from the surgery following a car accident a year ago. It is well documented in the literature and frequently observed in clinical practice that nonunions might be caused by an indolent infection without any clinical symptoms [18] . Due to their soil habitat, R. radiobacter strains usually present natural resistance to several antibacterial agents. e possible explanation for this finding is their coexistence with other organisms with the ability of producing antibiotics [19] . Moreover, it is a fact that a microbe's susceptibility profile is also dependent on laboratory interpretation [19] .
e CLSI has failed to determine reference breakpoints for disk diffusion susceptibility method for this bacterium, and therefore, the choice of the suitable antibiotic regimen should be best guided by MIC testing results.
According to a literature review, reported antibiotic susceptibility behaviors differ considerably among Agrobacterium isolates [19] . Due to low virulence and incidence, the optimal therapy for R. radiobacter infection has not yet been defined. erefore, treatment of R. radiobacter infections should be individualised according to the antimicrobial susceptibility test [20] . In our case, the patient was initially treated with empirical antibiotic therapy based on preceding cases, and then medication was adapted to R. radiobacter antimicrobial susceptibility. Based on review of the existing case reports, the antibiotics usually administered for R. radiobacter infection treatment were aminoglycosides, third-generation cephalosporins, carbapenems, fluoroquinolones, and extended-spectrum beta-lactams [4, 6, 21] . However, resistance to gentamicin has also been reported [5] . Carbapenems and extended-spectrum beta-lactams should be kept only for cases of resistant strains in order to avoid the emergence of multiresistant isolates. Ciprofloxacin is recommended as a first-line empirical agent in treating R. radiobacter infections including bacteraemia [22] . Clinical evidence regarding the duration of R. radiobacter bloodstream infection treatment is scarce. Nevertheless, a therapy of 10 to 14 blood culture-sterile days seems to be efficient [19] . Our patient was treated with amikacin and subsequently with doxycycline and was substantially improved.
To the best of our knowledge, this is the first case of R. radiobacter infection in an orthopaedic young patient with an adequate immune system. Our patient did not carry catheter of any kind and probably was initially infected by this opportunistic bacterium at her car accident a year ago due to her open wound being exposed to the soil.
Conclusions
is is the first case of R. radiobacter infection in a nonimmunocopromised patients and the first with infected nonunion. Treatment of the nonunion site with debridement, stable bone fixation, bone grafting, targeted, combined antibiotic therapy, and close monitoring of the patient are crucial for a successful treatment.
